Acute hormonal control of acetyl-CoA carboxylase. The roles of insulin, glucagon, and epinephrine.
Acetyl-CoA carboxylase, purified from rapidly freeze-clamped livers of rats maintained on a normal laboratory diet and given 0-5 units of insulin shortly before death, gives a major protein band (Mr 265,000) on sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The carboxylase from untreated rats has relatively low activity (0.8 unit/mg protein when assayed in the absence of citrate) and high phosphate content (8.5 mol of Pi/mol of subunit), while the enzyme from livers of rats that received 5 units of insulin has higher activity (2.0 units/mg protein) and lower phosphate content (7.0 mol of Pi/mol of subunit). Addition of citrate activates both preparations with half-maximal activation (K0.5) at 1.0 and 0.6 mM citrate, respectively. The enzyme from rats that did not receive insulin is mainly in the octameric state (Mr approximately 2 x 10(6)), while that from rats that received insulin is mainly in the polymeric state (Mr approximately 10 x 10(6)). Thus, short-term administration of insulin results in activation of acetyl-CoA carboxylase, lowering of its citrate requirement, and dephosphorylation and polymerization of the protein. The insulin-induced changes in the carboxylase are probably due to dephosphorylation of the protein since similar changes are observed when the enzyme from rats that did not receive insulin is dephosphorylated by the Mn2(+)-dependent [acetyl-CoA carboxylase]-phosphatase 2. The effect of glucagon or epinephrine administration on acetyl-CoA carboxylase was also investigated. The carboxylase from fasted/refed rats has a relatively high specific activity (3.4 units/mg protein in the absence of citrate), lower phosphate content (4.9 mol of Pi/mol of subunit), and is present mainly in the polymeric state (Mr approximately 10 x 10(6)). Addition of citrate activates the enzyme with K0.5 = 0.2 mM citrate. Glucagon or epinephrine injection of fasted/refed rats yielded carboxylase with lower specific activity (1.4 or 1.9 units/mg, respectively, in the absence of citrate), higher phosphate content (6.4 or 6.7 mol of Pi/mol of subunit, respectively), and mainly in the octameric state (Mr approximately 2 x 10(6)). Treatment of these preparations with [acetyl-CoA carboxylase]-phosphatase 2 reactivated the enzyme (specific activity approximately 8 units/mg protein in the absence of citrate) and polymerized the protein (Mr approximately 10 x 10(6]. These observations indicate that insulin and glucagon, by altering the phosphorylation state of the acetyl-CoA carboxylase, play antagonistic roles in the acetyl-control of its activity and therefore in the regulation of fatty acid synthesis.